JP1 1-1 60653 



PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 11-1 60653 

(43)Date of publication of application : 18.06.1999 



(51)lnt.CI. 




G02B 27/28 
G02B 6/122 






(21 Application number 


: 09-339494 


(71)Applicant 


: TDK CORP 




(22)Date of filing : 


26.11.1997 


(72)lnventor : 


HANAJIMA NAOKI 
KINERI TOORU 





(54) OPTICAL CIRCULATOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an inexpensive optical 
circulator easy to manufacture without complex optical axial 
adjustment by constituting an interference system of two 
directional couplers and arranging a Faraday rotator and a bire- 
fringent element so as to generate an optical path length 
difference of half a wavelength according to a light transmissive 
direction of light. 

SOLUTION: The optical circulator is arranged so that the 
optical path length difference between a first branched optical 
path 8a and a second branched optical path 8b doesn't occur, 
and the optical path length of the first branched optical path 8a 
becomes equal to the optical path length of the second 
branched optical path 8b by the Faraday rotator 6, a first 1/2 
wavelength plate 5a and a second 1/2 wavelength plate 5b. At 
this time, the light made incident from an optical fiber 1 of a 
first directional coupler 7a is outputted from the optical fiber 3. 
Then, related to the light made incident from the optical fiber 3 
of a second directional coupler 7b, since the optical path length 
difference of a 1/2 wavelength occurs always, the light made 
incident from the optical fiber 3 is emitted from the optical fiber 2 regardless of its polarization 
direction to function as the optical circulator. 
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' * NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]An interference pattern optical circulator comprising: 

An interference system which made a substrate support two or more single mode optical fibers which 
have a drawer part to outside of a substrate, and two or more directional couplers constituted from this 
a part of optical fiber, and was constituted. 

An embedded part of said optical fiber provided in said substrate between said directional couplers at 
least. 

At least one slot formed in said substrate by crossing said embedded part. 

Faraday rotator and a birefringence element which have been arranged at said Mizouchi. 

[Claim 2]By thing to light which it has the following, and a branching optical path which forms said 
interference system comes out of the 1st directional coupler, and faces to the 2nd directional coupler, 
and a thing to light which comes out of the 2nd directional coupler and faces to the 1st directional 
coupler. An optical circulator having the optical path difference of the half-wave length without being 
based on polarization. 

An interference system which made a substrate support two or more single mode optical fibers which 
have a drawer part to outside of a substrate, and two or more directional couplers constituted from this 
a part of optical fiber, and was constituted. 

An embedded part of said optical fiber provided in said substrate between said directional couplers at 
least. 

At least one slot which crossed and formed said embedded part in said substrate. 
Faraday rotator and a birefringence element which have been arranged at said Mizouchi. 

[Claim 3]An optical circulator of claim 1 or 2 formed by said slot crossing an optical fiber between said 
directional couplers of the both sides. 

[Claim 4]An optical circulator of claim 1 or 2 to which said slot does not intervene an optical fiber 
between said directional couplers of the both sides. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the optical circulator of non-dependence [ polarization ] 

used by optical communications and optical measurement. 

[0002] 

[Description of the Prior Art]An optical circulator is usually constituted by a double refraction element, 
Faraday rotator, a lens, and the optical fiber as the example is indicated to JP,58-10726,B. Since it 
increases with three or more ports of input and output of light by a circulator unlike an optical isolator, 
the complicatedness will become still more complicated [ positioning of the optical fiber which poses a 
problem, and a lens ] than an isolator conventionally. Two directional couplers constitute an interference 
system from JP,8-50261 A and the Mach-Zehnder type optical circulator using a half-wave plate is 
proposed as the Farah Deller rotator. Although the directional coupler was constituted from this 
proposal by the planar type optical waveguide, there was a problem that connection of an optical 
waveguide and an optical fiber was not easy. On the other hand, after embedding an optical fiber by 
resin etc. in JP,4-307512,A in the crevice of a substrate, The optical isolator of what is called a flush 
type which forms the slot which crosses an optical fiber part, inserts Faraday rotator, a double 
refraction element, etc. in the slot, embeds, and is produced by a dicing saw etc. is proposed. According 
to this, optic-axis doubling becomes unnecessary at production of an optical isolator, and manufacturing 
time is shortened substantially. However, in an optical circulator, since 3rd port where input and output 
are another is needed unlike an optical isolator, it is difficult to apply this flush type as it is. 
[0003] 

[Problem(s) to be Solved by the lnvention]lt is necessary to perform optic-axis doubling of an optical 
fiber in the circulator of the mold shown in JP,58-10726,B as mentioned above using a lens, and 
positioning is complicated.ln the Mach-Zehnder type optical circulator shown in JP,8-50261 A there 
was a problem that connection of an optical waveguide and an optical fiber was not easy. By an optical 
circulator, since a multiplexer port is required, the art which, on the other hand, embeds the optical fiber 
in the optical isolator [ like ] in JP,4-30751 2,A at a substrate is not tried. Then, an object of this 
invention is to provide the optical circulator of a new structure which does not need optical axis 
adjustment not using a lens. 
[0004] 

[Means for Solving the Problem]An interference system which the optical sir curator by this invention 
made a substrate support two or more single mode optical fibers which have a drawer part to outside of 
a substrate, and two or more directional couplers constituted from this a part of optical fiber, and was 
constituted, An embedded part of said optical fiber provided in said substrate between said directional 
couplers at least, At least one slot formed so that said embedded part might be crossed to said 
substrate, It consists of Faraday rotator and a birefringence element which have been arranged at said 
Mizouchi, and an interference system is constituted by said two directional couplers, and said Faraday 
rotator and a double refraction element are arranged so that optical path length difference of a half of 
wavelength may be produced by a transmission direction of light. Although each of optical fibers and 
directional couplers may be embedded at a substrate, it is more desirable not to embed a directional 
coupler directly at a substrate, in order to avoid an optical interference of a directional coupler and a 
substrate. However, in order to abolish work of axial doubling at the time of a nest, an optical fiber 
before and behind a slot at least must be embedded at a substrate. 
[0005] 

[Embodiment of the lnvention]The optical circulator of example 1 this invention is explained using 
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drawin g 1 , dra win g 2, and drawin g 4. What comprised a part which two single mode optical fibers are 
embedded at a substrate, and the 1 st directional coupler 7a and 2nd directional coupler 7b made these 
two single mode optical fibers approach, and was connected to the column is embedded at a substrate. 
A slot is cut by the substrate so that an optical fiber may be crossed between the 1st and 2nd direction 
couplers, the 1 st branching optical path 8a that constitutes an interference system, and the 2nd 
branching optical path 8b — Faraday rotator 6 of 45 polarization rotation angles which are alike, 
respectively and cross an optical fiber, moreover — the 1st branching optical path 8a — the 2nd 1/2 
wavelength plate 5b is arranged by the 1st 1/2 wavelength plate 5a and the 2nd branching optical path 
8b at the 1st directional coupler side 7a at the 2nd directional coupler side 7b so that the optical axis 
may have an angle of 45 degrees mutually. Arrangement of an element is shown in drawin g 2. Since the 
concrete composition of a directional coupler is common knowledge, it is not explained. Below, an axis is 
chosen as drawin g 1 at right angles to x, y, the z-axis, and an optical path like a statement, and an angle 
makes positive the value which was seen from the 1st directional coupler side and was clockwise 
measured from the y-axis. 

[0006]First the polarized wave components of y shaft orientations are considered among the lights 
which enter from the optical fiber 1 of the 1st directional coupler 7a. What he follows to the 1 st 
molecule optical path 8a among the lights divided by the 1st directional coupler 7a rotates only +45 
degree with the 1st 1/2 wavelength plate 5a that inclined +22.5 degrees to the y-axis first. And 6-45 
Faraday rotators rotate and change of the plane of polarization before and behind element passage is 
set to 0. What he follows to the 2nd molecule optical path 8b rotates +45 degrees with the 2nd 1/2 
wavelength plate 5b as for which 6-45 Faraday rotators rotated first and that then inclined -22.5 
degrees to the y-axis. Change of the plane of polarization before and behind element passage is similarly 
set to 0. 

[0007]Next, the polarized wave components of x shaft orientations are considered among the lights 
which enter from the optical fiber 1 of the 1st directional coupler 7a. What he follows to the 1st 
branching optical path 8a among the lights divided by the 1st directional coupler 7a rotates only +45 
degree with the 1st 1/2 wavelength plate 5a that inclined to the y-axis +22.5 degrees (it is -67.5 
degrees to a x axis) first And 6-45 Faraday rotators rotate and change of the plane of polarization 
before and behind element passage is similarly set to 0. Faraday rotation of what he follows to the 2nd 
branching optical path 8b is carried out first, and it rotates +45 degrees with the 2nd 1/2 wavelength 
plate 5b that rotated -45 degrees and then inclined to the y-axis -22.5 degrees (it is +67.5 degrees to a 
x axis) by six. Change of the plane of polarization before and behind element passage is similarly set to 
0. 

[0008]With therefore, Faraday rotator 6, the 1 st 1 /2 wavelength plate 5a, and the 2nd 1 /2 wavelength 
plate 5b. The optical path length difference of the 1st branching optical path 8a and the 2nd branching 
optical path 8b is not produced, but when being arranged so that it may become equal about the light 
path length of the 1st branching optical path 8a and the 2nd branching optical path 8b, the light which 
enters from the optical fiber 1 of the 1 st directional coupler 7a is outputted from the optical fiber 3. 
[0009]On the other hand, the polarized wave components of y shaft orientations are considered among 
the lights which enter from the optical fiber 3 of the 2nd directional coupler 7b. What he follows to the 
2nd branching optical path 8b among the lights divided by the 2nd directional coupler 7b rotates only - 
45 degree with the 1st 1/2 wavelength plate 5a that inclined -22.5 degrees to the y-axis first. And 6-45 
Faraday rotators rotate and the plane of polarization before and behind element passage changes -90 
degrees. What he follows to the 1st branching optical path 8a rotates +135 degrees with the 2nd 1/2 
wavelength plate 5b as for which 6-45 Faraday rotators rotated first and that then inclined +22.5 
degrees to the y-axis. Change of the plane of polarization before and behind element passage will be 
+90 degrees, it is between 2 branching and the optical path length difference of 1 80-degree plane-of- 
polarization change, i.e., the half-integral multiple of wavelength, produces it. 

[0010]Next, the polarized wave components of x shaft orientations are considered among the lights 
which enter from the optical fiber 3 of the 2nd directional coupler 7b. What he follows to the 2nd 
branching optical path 8b among the lights divided by the 2nd directional coupler 7b rotates only +135 
degree with the 1st 1/2 wavelength plate 5a that inclined to the y-axis -22.5 degrees (it is +67.5 
degrees to a x axis) first. And next 6-45 Faraday rotators rotate, and the plane of polarization before 
and behind element passage changes +90 degrees. What he follows to the 1st branching optical path 8a 
rotates -45 degrees with the 2nd 1/2 wavelength plate 5b as for which 6-45 Faraday rotators rotated 
first and that then inclined to the y-axis +22.5 degrees (it is -67.5 degrees to a x axis). Change of the 
plane of polarization before and behind element passage will be -90 degree, it is between 2 branching 
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and the optical path length difference of 180-degree plane-of-polarization change, i.e., the half-integral 
multiple of wavelength, produces it. 

[001 1]Therefore, the light which enters from the optical fiber 3 of the 2nd directional coupler is 
outputted from the optical fiber 2. Therefore, it functions as an optical circulator of an interference 
pattern. Although the operation as an optical circulator by this invention was indicated from change of 
plane of polarization above, another view can also explain this again. 

[0012]ln arrangement of drawin g 2, the light which enters from the optical fiber 1 is considered the same 
way. Incident light is divided by the directional coupler, and in the polarized wave components of the 
optical axis direction of the 1st 1/2 wavelength plate 5a, what follows the 1st branching waveguide 8a 
passes the 1st 1/2 wavelength plate 5a as extraordinary light (ne), and rotates 45 degrees by Faraday 
rotator 6. What follows the 2nd branching waveguide 8b passes the 2nd 1/2 wavelength plate 5b as 
extraordinary light (ne), after rotating 45 degrees by Faraday rotator 6. 

[0013]ln polarized wave components right-angled to the optical axis of the 1st 1/2 wavelength plate 5a, 
what follows the 1st branching part 8a passes the 1st 1/2 wavelength plate 5a as ordinary light (no), and 
rotates 45 degrees by Faraday rotator 6. What follows the 2nd branching part 8b passes the 2nd 1/2 
wavelength plate 5b as ordinary light (no), after rotating 45 degrees by Faraday rotator 6. Therefore, the 
light which entered from the optical fiber 1 does not call at the polarization direction, but is emitted from 
the optical fiber 3. 

[0014]Therefore, about the light which entered from the optical fiber 1, it does not produce but the 
branching optical path 8a and the optical path length difference between 8b are emitted from the optical 
fiber 3. 

[0015]Next, the light which enters from the optical fiber 3 is considered. About the polarized wave 
components of the optical axis direction of the 2nd 1/2 wavelength plate 5b, what follows the 1st 
branching part 8a passes the 1st 1/2 wavelength plate 5a as ordinary light (no), after rotating 45 
degrees by Faraday rotator 6. What follows the 2nd branching part 8b passes the 2nd 1 /2 wavelength 
plate 5b as extraordinary light (ne), and rotates 45 degrees by Faraday rotator 6. 
[001 6]That to which polarized wave components right-angled to the optical axis of the 2nd 1 /2 
wavelength plate 5b follow the 2nd branching part 8b passes the 2nd 1/2 wavelength plate 5b as 
ordinary light (no), and rotates 45 degrees by Faraday rotator. What follows the 1st branching part 8a 
passes the 1st 1/2 wavelength plate 5a as extraordinary light (ne), after rotating 45 degrees by Faraday 
rotator. 

[0017]Therefore, in this case, since 1/2 wave of optical path length difference always produces light, it 
turns out that the light which entered from the optical fiber 3 does not call at that polarization direction, 
but is emitted from the optical fiber 2, and it functions as an optical circulator. 

[0018]ln order for the directional coupler of the above-mentioned couple to function as an interference 
system, the monochromaticity of the light to be used must be enough and the distance between the 
directional couplers whose number is two must be smaller than the coherent length of a light source. 
Since the performance of an interference system may be degraded even if a polarized wave state 
changes in a branching waveguide, to have composition that a polarized wave state does not change is 
desired. 

[0019]The thing using single crystals, such as crystal, rutile, lithium niobate, and vanadium acid yttrium, 
as a double refraction element, It is possible it to provide a slot different from Faraday rotator and not 
only to to insert double refraction materials, such as a thing using polymer materials, such as polyimide, 
and a slanting vacuum evaporation film, but to stick or form these double refraction materials in the 
Faraday rotator itself, and to insert in one slot by making them into one. If what formed the grating by 
UV irradiation etc. is used for a fiber, the operation as a wavelength selection filter can also be added. 
[0020]lt is also effective to enlarge spot size of the light emitted from the end face of a slot, in order to 
reduce diffraction of the light produced in a slot in the meaning which reduces insertion loss, and in 
order to control the return light from this element, it is also possible to lean a slot aslant to the optical 
fiber to cross. 

[0021] According to the example example 1 of a trial production, the optical circulator for wavelength 
1550nm was made as an experiment. It explains with reference to drawing 1 . An optical fiber is welded 
and two directional couplers which carried out melting extension and produced the optical fiber are 
connected. On a silicon substrate, the slot of 350-micrometer width and the slot of two 1 00-micrometer 
width which embed two connected directional couplers using thermosetting resin, and cross an optical 
fiber continuously are formed with a dicing saw. Faraday rotator and 1/2 wavelength plate of two sheets 
were inserted in the slot, and it fixed to it with optical adhesives. As Faraday rotator, the angle of 
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rotation in the wavelength of 1 550 nm used the 300-micrometer-thick bismuth substitution rare earth 
iron garnet at 45 degrees, and 1 /2 wavelength plate used 92-micrometer-thick x cut quartz board. The 
principle of operation in this case is explained below. 

[0022]The light which enters from the optical fiber 1 is considered. About the polarized wave 
components of y shaft orientations, incident light is divided by the directional coupler 7a, and rotates 
only +45 degree with the 1/2 wavelength plate 5a first by the 1st branching optical path 8a. And 6-45 
Faraday rotators rotate and change of the plane of polarization before and behind element passage is 
set to 0. What he follows to the 2nd branching optical path 8b rotates +45 degrees with the 2nd 1/2 
wavelength plate 5b as for which 6-45 Faraday rotators rotated first and that then inclined -22.5 
degrees to the y-axis. Change of the plane of polarization before and behind element passage is similarly 
set to 0. 

[0023] Next, the polarized wave components of x shaft orientations are considered among the lights 
which enter from the optical fiber 1 of the 1st directional coupler 5a. What he follows to the 1st 
branching optical path 8a among the lights divided by the 1 st directional coupler 5a rotates only +45 
degree with the 1st 1/2 wavelength plate 5a that inclined to the y-axis +22.5 degrees (it is -67.5 
degrees to a x axis) first. And 6-45 Faraday rotators rotate and change of the plane of polarization 
before and behind element passage is similarly set to 0. What he follows to the 2nd branching optical 
path 8b rotates +45 degrees with the 2nd 1/2 wavelength plate 5b as for which 6-45 Faraday rotators 
rotated first and that then inclined to the y-axis -22.5 degrees (it is +67.5 degrees to a x axis). Change 
of the plane of polarization before and behind element passage is similarly set to 0. 
[0024]With therefore, Faraday rotator 6, the 1st 1/2 wavelength plate 5a, and the 2nd 1/2 wavelength 
plate 5b. The optical path length difference of the 1 st branching optical path 8a and the 2nd branching 
optical path 8b is not produced, but when being arranged so that it may become equal about the light 
path length of the 1st branching optical path 8a and the 2nd branching optical path 8b, the light which 
enters from the optical fiber 1 of the 1 st directional coupler 7a is outputted from the optical fiber 3. 
[0025]On the other hand, the polarized wave components of y shaft orientations are considered among 
the lights which enter from the optical fiber 3 of the 2nd directional coupler 7b. What he follows to the 
2nd branching optical path 8b among the lights divided by the 2nd directional coupler 7b rotates only - 
45 degree with the 1st 1/2 wavelength plate 5a that inclined -22.5 degrees to the y-axis first. And 6-45 
Faraday rotators rotate and the plane of polarization before and behind element passage changes -90 
degrees. What he follows to the 1st branching optical path 8a rotates +135 degrees with the 1st 1/2 
wavelength plate 5a as for which 6-45 Faraday rotators rotated first and that then inclined +22.5 
degrees to the y-axis. Change of the plane of polarization before and behind element passage will be 
+90 degrees, it is between 2 branching and the optical path length difference of 1 80-degree plane-of^ 
polarization change, i.e., the half-integral multiple of wavelength, produces it. 

[0026]Next, the polarized wave components of x shaft orientations are considered among the lights 
which enter from the optical fiber 3 of the 2nd directional coupler 7b. What he follows to the 2nd 
branching optical path 8b among the lights divided by the 2nd directional coupler 7b rotates only +135 
degrees with the 1st 1/2 wavelength plate that inclined to the y-axis -22.5 degrees (it is +67.5 degrees 
to a x axis) first. And next 6-45 Faraday rotators rotate, and the plane of polarization before and behind 
element passage changes +90 degrees. As for what he follows to the 1st branching optical path 8a, 6-45 
Faraday rotators rotate first and it rotates -45 degrees with the 2nd 1/2 wavelength plate 5b that 
inclined to the y-axis +22.5 degrees (it is -67.5 degrees to a x axis) next. Change of the plane of 
polarization before and behind element passage will be -90 degree, it is between 2 branching and the 
optical path length difference of 1 80-degree plane-of^polarization change, i.e., the halfHntegral multiple 
of wavelength, produces it. 

[0027]Thus, the produced optical circulator was evaluated. When light was entered from the optical fiber 
1, it was emitted from the optical fiber 3 by loss of 1.5 dB, when light was entered from the optical fiber 
3, it was emitted from the waveguide 3 by loss of 3.2 dB, and to the optical fiber 1, it is a loss of 14 dB 
and checked that this element was operating as an optical circulator. 

[0028]Example 2 and another example by this invention are described with reference to drawin g 3. The 
slot of the 400-micrometer width which embeds the two directional couplers 7a and 7b like Example 1, 
and crosses an optical fiber to a substrate continuously is formed with a dicing saw. The element which 
adhered Faraday rotator 6, the 1st 1/4 wavelength plate 5c, the 2nd 1/4 wavelength plate 5d, the 3rd 
1/4 wavelength plate 5e, and the 4th 1/4 wavelength plate 5f like drawing 3 was inserted in the slot, and 
it fixed to it with optical adhesives. The Faraday rotator 6 and 1/4 wavelength plates [ 5c-5d ] raw 
material used the same thing as Example 1. However, the thickness of the quartz plate was 46 
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micrometers. The principle of operation in this case is explained below. 

[0029]The light which enters from the optical fiber 1 is considered. With a directional coupler, incident 
light is divided and in the polarized wave components of the optical axis direction of the 1 st 1/4 
wavelength plate 5c. After what follows the 1st branching waveguide 8a passes the 1st 1/4 wavelength 
plate 5c as extraordinary light (ne) and -45 Faraday rotators rotate by six, it passes the 3rd 1/4 
wavelength plate 5e as ordinary light (no). After what follows the 2nd branching waveguide 8b passes the 
2nd 1/4 wavelength plate 5d as ordinary light (no) and -45 Faraday rotators rotate by six, it passes the 
4th 1/2 wavelength plate 5f as extraordinary light (ne). 

[0030]ln the polarized wave components (as right-angled as the optical axis direction of the 1st 1/4 
wavelength plate 5c) of the optical axis direction of the 2nd 1/4 wavelength plate 5d. After what follows 
the 1st branching part 8a passes the 1st 1/4 wavelength plate 5c as ordinary light (no) and -45 Faraday 
rotators rotate by six, it passes the 3rd 1/4 wavelength plate 5e as extraordinary light (ne). After what 
follows the 2nd branching part 8b passes the 2nd 1/4 wavelength plate 5d as extraordinary light (ne) and 
-45 Faraday rotators rotate by six, it passes the 4th 1/4 wavelength plate 5f as ordinary light (no). 
Therefore, the light which entered from the optical fiber 1 does not call at the polarization direction, but 
is emitted from the optical fiber 3. 

[0031]Next, the light which enters from the optical fiber 3 is considered. About the polarized wave 
components of the optical axis direction of the 3rd 1/4 wavelength plate 5e, after what follows the 1 st 
branching part 8a passes the 3rd 1/4 wavelength plate 5e as extraordinary light (ne) and -45 Faraday 
rotators rotate by six, it passes the 1st 1/4 wavelength plate 5c as extraordinary light (ne). After what 
follows the 2nd branching part 8b passes the 4th 1/4 wavelength plate 5f as ordinary light (no) and -45 
Faraday rotators rotate by six, it passes the 2nd 1/4 wavelength plate 5d as ordinary light (no). 
[0032]After that to which the polarized wave components of the optical axis direction of the 4th 1/4 
wavelength plate 5f follow the 1st branching part 8a passes the 3rd 1/4 wavelength plate 5e as ordinary 
light (no) and -45 Faraday rotators rotate by six, it passes the 1st 1/4 wavelength plate 5c as ordinary 
light (no). After what follows the 2nd branching part passes the 4th 1 /4 wavelength plate 5f as 
extraordinary light (ne) and -45 Faraday rotators rotate by six, it passes the 2nd 1/4 wavelength plate 
5d as extraordinary light (ne). Therefore, since 1/4 wave x2=1 / two waves of optical path length 
differences always produce light in this case, the light which entered from the optical fiber 3 does not 
call at that polarization direction, but is emitted from the optical fiber 2. 

[0033]Thus, the produced optical circulator was evaluated. When light was entered from the optical fiber 
1 , it was emitted from the optical fiber 3 by loss of 1 .8 dB, when light was entered from the optical fiber 
3, it was emitted from the waveguide 3 by loss of 2.3 dB, and to the optical fiber 1, it is a loss of 18 dB 
and checked that this element was operating as an optical circulator. 

[0034]Example 3 drawing 5 is a modification of Example 1, and, in between, two directional couplers in 
the optical circulator of Example 1 do not provide the optical channel by the optical fiber of substantial 
length, The slot 10 is formed in a substrate and insertion immobilization of the compound device which 
consists of the 1/2 wavelength plate 5a, Faraday rotator 6, and the 1/2 wavelength plate 5b directly is 
carried out. The optical circulator by this example can attain the same operation and effect as Example 
1. 

[0035]Without being embedded, although example 4 drawing 6 is a modification of Example 2 and two 
directional couplers in the optical circulator of Example 2 and the optical fiber before and behind that 
are being fixed to the thin-walled part 9b of the substrate 9, An optical fiber is embedded at the 
embedded part 9a which is a heavy-gage part of the substrate 9, and by crossing this portion and 
cutting the slot 10, an optical fiber is cut together with a substrate, where an end is adjusted. Insertion 
immobilization of the compound device which consists of the 1/2 wavelength plates 5c, 5d, 5e, and 5f 
and Faraday rotator 6 directly is carried out in the slot 10. Although the optical circulator by this 
example can attain the same operation and effect as Example 1 , the directional couplers 7a and 7b are 
in a more desirable state. 
[0036] 

[Effect of the lnvention]As explained above, according to this invention, production can provide an 
optical circulator [ that it is easy and low price ], without performing complicated optical axis 
adjustment. 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 1]lt is a schematic diagram showing the optical circulator of this invention. 
[ Drawin g 2] It is a schematic diagram showing the optical circulator of Example 1 of this invention. 
[Drawing 3] It is a schematic diagram showing the optical circulator of Example 2 of this invention. 
[Drawing 4] It is a schematic diagram showing the polarized wave state in the inside of the optical 
circulator of Example 2 of this invention. 

[Drawing 5] lt is a schematic diagram showing the optical circulator of Example 3 of this invention. 
[Drawin g 6] It is a schematic diagram showing the optical circulator of Example 4 of this invention. 
[Description of Notations] 

1 The 1 st optical fiber 

2 The 2nd optical fiber 

3 The 3rd optical fiber 

4 The 4th optical fiber 

5a The 1st 1/2 wavelength plate 
5b The 2nd 1/2 wavelength plate 
5c The 1st 1/4 wavelength plate 

5 d 2nd 1 /4 wavelength plate 

5e The 3rd 1/4 wavelength plate 

5 f 4th 1 /4 wavelength plate 

6 Faraday rotator 

7a The 1 st directional coupler 
7b The 2nd directional coupler 
8a The 1st branching optical path 
8b The 2nd branching optical path 
9 Substrate 

9a Optical fiber embedded part 
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